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1 
This invention relates fo electric timing de- 
vices, and more particularly fo timing devices 
utilizing an electrically driven oscillating ruera- 
ber for providing a predetermined timing mo- 
tion. 5 
Among the objects of the invention is an elec- 
trically actuated timing mechanism of the fore- 
going type having an energizing circuit con- 
necting if simultaneously fo an alternating-cur- 
rent, timed-Ïrequency power system, such as a i0 
standard electric power supply system, and also 
to a direct-current energizing source, such as a 
battery oeil, the timing device being operative 
to provide the desired timing motion when en- 
ergized only Ïrom the power system or only from 15 
the D. Ç. source. 
Another object of the invention is a novel 
electrically actuated timing mechanism utilizing 
a mechanically balanced oscillating unit, in- 
cluding a permanently aagnetized oscillatory 
rnember cooperating wïh actuating windings 
energized once during each oscillating cycle of 
the oscillatory member for Jmparting fo the 
oscillatory member torque impulses which main- 
tain ifs oscillatory timing motion, the elements .5 
of the timing mechanism being so arranged that 
the magnetic field of the oscillatory member in- 
duces in the windings a counter-electromotive 
force which reduces the eurrent in the windings 
ai the moment when the energizing circuit is 30 
opened during each oscillating cycle. 
A further object of the invention is a rotat- 
ably mounted timed member forming, for in- 
stance, part of a rime indicating device, and 
having a generally circular actuating region ar- 35 
ranged for cooperation with a number of elec- 
trically actuated, mechanical oscillating and 
timing units each operating with substantially 
the saine resonance frequency and so designed 
and correlated in their operation that the com- 4O 
plete sequence of oscillating cycles on each of 
said number of said oscillating units causes said 
timed member fo be advanced by a predeter- 
mined step during the period of one oscillating 
cycle of an oscillating unit. 45 
A still further object of the invention is a thn- 
ing device capable of delivering substantial 
power at a timed rate--such as a recording in- 
strument provided with a roll of recording paper 
on which quantifies, such as the voltage varia- 5o 
ions of an electric power system, are recorded 
and which requires movement of the paper roll 
ai a timed rate--the timing device being ar- 
ranged fo be driven by drive means, including a 
motion transmission mechanism connected fo a 55 
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timed member so as to apply fo the timed mem- 
ber driving forces of substantial power tending 
fo rotate said member, and in combination 
therewith a timing unit, including an electriclly 
actuatable, mechanical oscillating unit for con- 
trolling the rate at which said transmission 
mechanism applies driving power fo said timed 
member, said oscillating unit being connected to 
said transmission mechanism through preventive 
means preventing said transmission mechanism 
from applying driving forces fo said oscillating 
mechanism. 
The foregoing and other objects of the inven- 
tion will be best understood from the ïollow- 
ing description of exemplifications thereof, 
reference being had fo the accompanying draw- 
ings, wherein 
Fig. 1 is a diagrmmatic view showing the 
cooperative relationship of the principal ele- 
ments of one timing mechanism exemplifying 
the invention together with the electric ener- 
gizing circuit for supplying electric operating 
energy fo the driving elements of the timing 
mechanism; 
Figs.l-A fo I-C, inclusive, are diagrammatic 
views showing three modified forms of ener- 
gizing circuits for a tirning device exemplifying 
the invention; 
Fig. 2 is an explanatory curve diagram show- 
ing the rime relation of the current impulses 
supplied fo the timing mechanism under various 
operating conditions; 
igs. 3 and 3-A are diagrammatic views of 
two further modifications of timing devices ex- 
emplifying the invention; 
Figs. 4 and -B are diagrammatic views of 
two forms of timlng devices exemplifying the in- 
vention; 
Fig. 4-A is a detail view of the ratchet ar- 
rangement of Fig. 4. 
Although varions types of electrically driven 
timing mechanisms operating with an oscillatory 
timing member have been proposed and manu- 
factured in the past, they all exhibited certain 
deficiencies which limited their general accept- 
ance. In particular, there has long existed a 
wide field of usefulness for electrically driven 
timing mechanisrns which could be operated 
both from a standard alternating current sup- 
ply source as well as from a direct current 
source, such as a dry cell or rechargeable D. C. 
battery. Thus, standard electric clocks operated 
by alternating current from the electric power 
supply systems extending all over the country, 
exhibit an inherent deficiency because, in the 
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event of a failure of the electric power supply-- 
a frequent occurrence in districts away ïrom 
large power centers--the clock will stop. 
The timing mechanism of the present inven- 
tion utilizes an electrically driven oscillatol 
member, the elements of the timing mechanism 
being so arranged as to make it possible to se- 
cure the desired timing action by supplying e!ec- 
tric energy eithm- from a D. C. source or from an 
alternating current power supply. 10 
One form of a timing mechanism baoEed on 
the principles of the invention is shown di- 
agrammatically in Fig. 1. It comprises an oscil- 
lating mechanism, generally designated 3, hav- 
ing an oscillating shaft I, suitably journalled 
in bearings of a fixed supporting frame, and 
which has fixedly mounted thereon an oscilla- 
tory mass member 12, performing the ïunction 
of a balance member oï the type used in spring 
driven clocks and arranged ïor cooperation with 20 
a hair spring 13, one end of which is affxed to 
the shaft Il and the other end of which is se- 
cured to a post 14 adjustably mounted in the 
fixed supporting frame. 
In accordance with the invention, the oscflla- 
tory member 12 is ruade of a magnetically reten- 
tire or permanently magnetizable mateçial, such 
as sintered Alnico powder, and it is arranged to 
produce a magnetic field along the exterior of the 
peripheral pole regions N and S. The perma- ::) 
nently-magnetized oscillatory member 12 is ar- 
ranged to cooperate with current-carrying wind- 
ings, shown in the form of two winding colis 
so disposed that when a current of a predeter- 
mined direction is sent through the coil windings, 
the resulting magnetic field produced by the cur- 
rent will impart fo the permanently-magnetized 
oscillatory member 2 a torque which causes the 
oscillatory member to rotate in what may be 
designated as a forward direction, indicated in 
Fig. I by an arrow  8. 
In a practical timing mechanism of the inven- 
tion designed fo be driven by energy ïrom a 60- 
cycle alternating power supply system, the mass 
of the oscillatory member 2 and the associated 
oscilIatory structure is so correlated to the stiff- 
ness of the hair spring 3 that they form an 
oscillating system having a resonant frequency 
which is a definite submultiple of the 60-cycle 
frequency. Thus, in a practical clock mecha- 
nism of the invention, the operating system 
Ïormed by the oscillatory structure 2 and the 
hair spring 3 is designed to have a resonant fre- 
quency of four cycles per second, ai which one 
oscfllating cycle of the oscillatory member bas a 55 
duration equal fo 15 cycles of a 60-cycle alter- 
nating current power suPply. 
The combination of the oscillating system and 
energizing windings arranged in the manner de- 
scribed above, is combined with an energizing 
circuit including contact means shown in the 
form of two contact members 2 , 22 arranged to 
be actuated bY the oscillating member during a 
part of each oscillating cycle so as to send through 
the windings a current impulse which imparts fo 
the oscillating member a driving impulse in the 
forward direction. More particularly, the con- 
tact mechanism is so correlated with the opera- 
tion of the mechanical oscillating system as to 
cause the coi] winding  $ to receive a current ira- 70 
pulse imparting to the oscillaing member a driv- 
ing impulse in forward direction only during a 
part of the forward oscillating cycle of the oscii- 
lating member. 
In other words, the oscillating system is so 75 
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combined with the contact mechanism that the 
contacts are closed only while the oscillating 
member is moving in the ïorward direction, and 
that the contact mechanism keeps the windings 
de-energized during the return motion or return 
part of the oscillating cycle. Furthermore, the 
energizing windings, oscillator member and con- 
tact mechanism are so designed, positioned and 
correlated that when the winding is energized by 
the contact mechanism during a par of the for- 
ward oscillating cycle of the oscillating member 
12, the external field of the permanently mag- 
netizable member 2 induces in the windings a 
counter-electromotive force which reduces the 
current in the winding at the moment the con- 
tact mechanism opens the winding energizing 
circuit ïor substantially suppressing any sparking 
that is caused by a current interruption. 
In other words, the timing mechanism is ar- 
ranged to operate in such manner that the coun- 
ter-electromotive force induced in the windings 
by the oscillatory movement of the oscillating 
member 12 during its forward oscillating cycle, 
reduces the current in the winding circuit to the 
minimum level required to maintain oscillations, 
thereby avoiding dissipation of surplus energy in 
the winding circuit and ai the contact points 
which took place in prior art timing devices 
driven by electric impulses. 
In the form of the invention shown diagram- 
matically in Fig. 1, the oscillatory motion of the 
oscillatory member 12 is transmitted t0 the con- 
tact mechanism 2 [, 22 by means of a pawl struc- 
ture 31 pivotally connected through a pivot 32 to 
a roller table or supporting disk 33 which is af- 
fixed to the oscillating shaft I I, the pawl 31 be- 
ing provided with a tooth projection or pin 34 
arranged to engage a tooth of a ratchet wheel 3 
supported on a shaft ]$ suitably journalled in the 
frame structure of the mechanism. A biasing 
spring 3, one end of which is held by a post 
oï the roller table 33, biases the pawl 31 so tiret 
ifs pin projection ]4 is urged into engagement 
with a tooth oï the ratchet wheel 
The pawl and ratchet elements of he mecha 
nism described above are so designed and corre- 
lated to the other elements of the oscillating 
mechanism that during each forward oscillating 
movement of the oscillating member 12, the pawl 
31 will, by ifs tooth pin 4, advance the ratchet 
3 by one tooth, the return oscillatory motion of 
the oscillating member causing the pawl to be 
withdrawn whfle its tooth pin 34 rides over the 
inclined surface of the next ratchet tooth until 
it drops into the next tooth slot. Each /oiward 
step imparted fo the ratchet wheel 35 is utilized 
to actuae the contact mechanism to close its 
contacts during a part of the ïorward oscillating 
cycle of he oscillating member I . 
In the arrangement shown, this is accom- 
plished by providing contact member 21 with a 
pivotal support 41 and a tooth projection 2 
shown in the form of a pin engaging another 
tooth portion of the ratchet wheel 3 so that each 
rime the ratchet wheel 35 is advanced by 
tooth, the pin projection 42 of the contact arm 
21 will be actuated by a tooth of the ratchet 
wheel to momentarily close the two contacts 
22 while the pin 42 ridesover the top of the tooth 
engaged thereby, the contacts being openèd when 
the pin projection 4 is returned into the slot of 
the next tooth by the action of ttie biasing means 
indicated by the biasing spring 
As indicated in Fig. 1, the tilting motion of 
the pawl 31 impartd thereto by the biasing 
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spring 37 is stopped by a stop pin 39 suitably 
mounted in the follet table 33. In an analogous 
manner, the pivotally mounted contact arm 2! 
is limited in the movement imparted thereto by 
the biasing spring 43 by a stop post 44. The stop 
pin 39 for the pawl 3! bas an exterior surface 
region of a damping material, such as fibre, and 
is so positioned that when the pin projection 34, 
after passing the crown of a ratchet tooth, drops 
into the next tooth slot, the pawl 3! wfll be 
stopped by the stop 39 belote the pin projection 
34 of the pawl can reach the bottom of the tooth 
slot. 
Furthermore, the stop pin 35 is so located and 
arranged that when, in the course of the subse- 
quent forward motion of the pawl 3 I, the pawl 
pin 34 engages the generally radial working sur- 
face of the facing ratchet tooth, it wfll hot corne 
into engagement with the bottom portion of the 
tooth slot and thereby avoids friction and the 
losses connected therewith. 
In addition, the stop pin 44, lirniting the return 
motion of the contact arm 2 I, is provided with 
an extelor surface region of damping material 
arranged so that when the pin projection 42 of 
the contact arm 21, after passing the crown of 
an advancing ratchet tooth, is released into the 
next tooth slot, the contact arm 21 reaches the 
damping surface of the stop member 44 before 
the pin projection 42 can reach the bottom of 
the tooth, thus eliminating noise and wear. 
A practical form of a timing mechanism of 
the type shown in Fig. 1 was designed so that the 
oscillating member 33 performs four double os- 
cillations per second so that its operation causes 
the ratchet member 35 to be advanced by four 
teeth in one second. The ratchet member 35 is 
designed with sufficient teeth, namely, 40 teeth, 
so that when the oscillating member 33 oscillates 
ata frequency of four cycles per second, the 
shaït 36 of the ratchet wheel 35 wfll make one 
turn in ten seconds. In other words, the oscil- 
lating member mechanism 33 and the associated 
ratchet member 35 were designed to operate with 
speed ratios analogous to those of the balance 
and escapement elements of a standard sprini- 
wound clock. 
Accordingly, the rotary motion imParted to 
the ratchet shaft 36 by the oscillating system 33 
of the timng mechanism shown in Fig. 1 may be 
utilized in connection with a gear train system 
of the type used in standard spring-wound clocks 
for imparting the proper rate of rotary motion 
to the rime indicating hands of a standard clock. 
Thus, as indicated in Fig. 1, the ratchet shaft 35 
may be utilized to drive through gears 5 I, 52 a 
shaft of the second hand affixed fo gear 52. The 
rotary motion of the shaft of gear 52 may be 
transmitted through a gear train 53, 54, 55, 55 
to the shaft of gear 55 for rotating it at the rate 
of one revolution per hour and fo which the 
minute hand of the clock is affixed. 
Furthermore, as indicated in Fig. 1, the min- 
ute-hand shaft of gear 55 may be utilized to drive 
through a friction clutch and a gear train 57, 
58, 59, 5{} the shaft of an hour hand which makes 
one revolution in twelve hours and to which the 
hour hand may be aiïïxed for indicating the 
hours, as in a standard clock. 
In accordance with the invention, a timing 
mechanism of the type described above is uti- 
lized tobe driven either by energy from a D. C'. 
source or an A. C. source or both by an A. C. 
and D. C. source. By operating such timing 
mechanism by an energizing circuit connected 

6 
simultaneously fo a D. C. source and a standard 
A. C. power supply, such timing mechanism will 
continue to indicate the time even if the power 
supply fails, as is often the case in electric power 
5 supply district which are remote from power 
centers. 
Since the balance member 33 and the ratchet 
35 which supply the driving forces for the tim- 
ing mechanism operate af a relatively low speed 
li comparable to the speed of the balance and es- 
capement of a standard spring-wound clock, it 
enables the provision of a clock operated from 
a standard 60-cycle electric power supply, with- 
out requiring a high reduction gearing between 
15 the rime indicating elements and the electric 
motor unit of the type commonly used in elec- 
tric clocks driven by 60-cycle electric power. 
As indicated in Fig. 1, the windings of the two 
coils 15 and the contactor elements 2 I, 22 of the 
OEo timing mechanism are interconnected through 
leads 71 to two instrument terminals 70 which 
are supplied bY electric energy from a D. C. 
source shown in the form of one cell of a D. C. 
battery 72 connected in series with a resistance 
5 73 to the two instrument terminals 78. In addi- 
tion, the two instrument terminals 7 are shown 
suPplied from a standard alternating cmï'ent 
power supply, such as a conventional domestic 
power supply ourlet indicated by the power ter- 
:0 minals 75, the connections between the power 
terminals 75 and the instrument terminals 
cluding two series resistances 75, 77 so that only 
a fraction of the voltage of the power supply line 
appearing across the resistor 77 is applied 
35 through a rectifier 78 to the instrument termi- 
nals 70, so that the rectifled A. C'. voltage com- 
portent impressed across the terminals 7{} tends 
to send through the supply leads 71 of the in- 
strument a current in the same direction as the 
0 D. C. source 72, indicated by the arrows 79. 
For most practical purposes, the permanently 
magnetized oscfllatory member 12 is utilized 
without providing for it a magnetic cote return 
path. However, if a more efficient electromag- 
45 netic driving structure is required, a magnetic 
core return path should be provided, for instance, 
in the form of a magnetic cote ring 121, indi- 
cated in Fig. 1 by dash two-dot lines, which is 
affixed to the shaft I I as by an end bell hot 
50 shown, so that the two concentric cote members 
12, 12--1 oscillate as a unit. The two core mem- 
bers 12, 12--1 are so arranged that the pole 
regions lV, S of the inner cote member 12 are 
spaced from the facing periphery of the core 
55 ring 12--1 by a circular air gap region through 
which the active portions of the flxed actuating 
coils 15 extend. 
The inner permanent-magnet osci!lator core 
12 may be marie either with a circular periphery 
60 or in the form of an oblong member, as shown, 
to facilitate the mounting of the winding coils 
15 in their fixed operative positions shown. 
The curve diagram of Fig. 2 shows in a general 
way how a timing mechanism of the invention 
65 is energized af spaced intervals of a multiple of 
15 cYcles of the alternating current suPply, a 15- 
cycle A. C. interval being equal to one operating 
cycle of the mechanical oscillating system 
of the timing mechanism. 
70 In the diagram of Fig. 2 there are shown along 
the upper time axis T-I the sign wave elements 
of a standard 60-cycle sine wave spaced by long 
rime intervals of a multiple of 15 cycles (n×15 
cycles) corresponding to the intervals between 
75 a succession of moments at which the mechani- 
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cal oscillating system of the timing rnechanism 
shown in Fig. 1 will o!oerate fo close and o!oen 
its contacts. 
Operation wftl D. C. 0nly.--In the curve dia- 
grarn of Fig. 2 the series of cm'rent waves DC 
along the tirne axis T-2 indicates the general 
ïorrn of the current irn!oulses sup!olied by the 
D. C. source 72 to the actuating windings 3 of 
the tirning rnechanisrn during energizing inter- 
vals Iï spaced by a period of approxirnately n 
rimes 15 cycles of a 60-cycle A. C. power system 
when the contacts 2, 22 rnornentarily close the 
energizing circuit frorn the D. C. source 2 fo the 
actuating windings. 
If will be noted that the direct current im- 
pulses DC sent through the windings are shown 
disp!aced in phase against the 60-cycle ,standard 
timing wave along the timing axis T-I, indica[- 
ing that the clock-woïk is operating sornewhat 
slowêr than the s[andard tirning wave, in a way 
exaggerated for the sake of simplicity. This 
slower operation of the tirning rnechanism may 
be caused by factors such as a difference in the 
resonant ïrequency or by variations in the fric- 
tional load and tempe,,.ature of the elements oî 
the tirning rnechanism. 
If the phase displacernent is cattsed only by 
variations of the frictional load and similar fac- 
tors, the tirning rnechanisrn may be brought fo 
correct tirning by slightly raisin¢ the D. C. volt- 
age appli¢d by the D. C. source fo the actuating 
windings. VIhen the voltage applied to the 
windings is raed, the increased current irn- 
pulses delivered fo the windings each tirne thê 
energizing contacts are closed will irnpart fo the 
cscillating rnember 33 a greater oscillation am- 
plitude, and thel'eby cause it to speed up. 
Oeration wih A. C. onIy.--When the actuat- 
ing windings are supplie with current impulses 
from the A. C. source only, with the D. C. source, 
such as celi ï2, disconnected îrorn the operating 
circuit, the current irnpulses supptied to the ac- 
tuating windings, during the intervals IT when 
the contacts , 2 complote the energizing cir- 
cuit, will correspond fo the curve elernents AC 
along the timing" wave T-a of the curve dia- 
grarn oï Fig. 2. 
As long as a suflïciently high voltage is 
plied by the energizing circuit to the windings 
16, the current irnpulses de!ivered thereto will 
bê sufiîcient to maintain the clock in synchro- 
nis.m with thê A. C. wave of the systern, although 
thê rnechanical load fo which the tirning rnech- 
anism is subjected rnay vary in such manner 
that when operaed frorn a D. C. source only, 
the tirning mechanism would slow down in the 
manneï explained above for operatiBn with D. C. 
only in connection with the current irnpulses 
along the timing axis T-2 of Fig. 2. 
It will be noted that when opeïating with al- 
ternating current only, as indicated on the tirn- 
ing axis T-0, the current irnpttlses delivered fo 
the actuating winding during each interval when 
the contacts 2, ï cornplete the energizing cir- 
cuit, ïorrn only a art of one-halï og the alter- 
nating wave. However, depending on the ad- 
justrnent, thê tirning rnechanisrn will also oper- 
are if each interval during which the contacts 
,21, 22 cornplete the energizing circuit fo the ac- 
tuating winding I is somewhat laïger than the 
period oï one-ha!f cycle o£ the alternating out- 
rent supply. 
Operaion wfh D. C. and A. C. imp.ulses.--The 
tirning mechanisrn shown wi]l also operate when 
if is simultaneously energized by a D. C. source, 
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such as a dry cell ]2, and a conventional alter- 
nating current supply line, as indieated in Fig. 1, 
in which case the current impulses delivered fo 
the actuating windh]gs  during each interval 
5 of ifs energization by the closure of the energiz- 
ing contacts 2, 2, will conïorm to the shape of 
the fulmine curve eiements CC indicated along 
the timing axis T- of Fig. 2. 
It wiI1 be noted that under such operating con- 
10 ditions, the current delivered to the actuating 
windings 1 during each energizing interval IT 
from the combined A. C.-D. C. supply source, is 
partially supplied by the A. C. source and par- 
tially by the D. C. soin'ce. If should be noted 
15 that the duration of the energizh]g intervals IT, 
indicated along the several rime axes T-2, T-a, 
T-4, rnay vary in length, for instance, iï a higher 
supply voltage is applied and the energizing cur- 
rent is larger, because the amplitude of the oscil- 
20 lations of the osci!lating member  will be 
larger, in which case the energizing interval IT, 
during which the contacts 2, 22 energize the 
actuating windings, will m shorter. 
The circuit pararneters of the energizing cir- 
2 cuit connections frorn the A. C. source and the 
D. C. source to the actuating windings are so ad-, 
justed that the A. C. voltage applied to the aetu- 
ating windings is sthciently latter than the 
D. C. voltage as fo assure that the A. C. curren 
3!) impulses supply the major part of the driving 
energy fo the timing rnechanisrn. In ordcï to 
assure stable operation under such operating 
conditions, the rnechanical oscillating systern oï 
the mechanisrn is adjusted so that when itis en- 
',5 ergized only frorn the D. C. source 2, it bas a 
tendency to operate ata speed slightty less than 
the synchïonous speed corresonding to the 60- 
cycle power supply indicated along the timing 
axis T-l. 
40 As indicated along the rime axis T- of tig. 2, 
under such conditions, the alternating curren 
irnpu!ses supplied to the actuating wave may 
tend to slightly advance the phase of the cur- 
rênt irnpulses during some of the energizing 
.i. .cycles as indicated, for instance, af the energiz- 
mg Lmpulses supplied af nx15 cycles and af 
2X15 cycles, the alternating outrent irnpulses 
serving fo rnaintain the clock in synchronism 
with the frequency of the alternating current 
50 system. 
In order Lo enable those skilled in the art fo 
practice the invention, there are given below op- 
erating data of a practical timing device o thê 
type described abeve: 
55 ïhe oscillating or balance rnernber 3 was of 
a diameter of about one-halï inch and a thick- 
ness of about one-tenth of an inch. 
If forrned in cornbination with thê hair spring 
8 and the othêr rnechanical elernents connected 
;0 thereto an oscillating systern which had a reso- 
riant îïequency oî about four cycles per second. 
The actuating winding I consisted of two 
staHonary coils .oï approximately 75 tuïns each 
of No. 42 wire. 
65 The D. C. source 2 consisted of a standard 
D-size flashlight cell. 
The resistance ] in series with the D. C. cell 
was about I00 ohrns. 
The series resistance ] in the A. C. supply line 
70 was approxirnately 5000 ohms and the other se- 
ries resistance ] was approxirnately 300 ohms, 
the ratio of the two resistances being so chosen 
as fo apply an A. C: voltage cornponent of ap- 
proxirnately three volts at the terminal ]ll after 
75 passing through the rectifier ]$. 
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The rectifier 78 was a standard hall wave in- 
strument type copper-oxide rectifier element. 
A timing mechanism of the type shown is 
hot normally self starking. I-Iowever, if may be 
started by imparting a mechanical impulse to 
the balance wheel, for instance, by shaking it. 
Alternatively, the timing mechanism may be 
provided with starting means of the type com- 
mercially used in spring-driven balance wheel 
clocks. Furthermore, as indicated in Fig. 1, the 
timing mechanism may be provided with start- 
ing means in the form of a push button starter 
pin 8! mounted so that upon actuating the but- 
ton 8{} exposed on the exterior of the starting 
mechanism, the starter pin will momentarily 
close the energizing contacts 22, the starting pin 
being returned fo its normally released position 
by a conventional biasing spring 82. 
The permanent magnet member f2, the actu- 
ating windings f8 and the contacts 2, 22 are 
so arranged in their cooperative relation that the 
energizing circuit is closed slightly belote the 
moment when the pole axis of the permanent 
magnet 2 reaches the mid-position of the oscil- 
lation amplitudes, the circuit of the energizing 
windings being opened shortly after the closure, 
while the permanently magnetized member 
moving with a substantially maximum velocity 
and its strong magnetic field is highly effective 
in inducing in the windings 8 a counter-elec- 
tromotive force which reduced the current 
through the windings fo a substantially negli- 
gible level so as to substantially suppress contact 
sparMng. The several elements of the system 
may be readily adjusted so that the energizing 
current through the windings 8 is of such di- 
rection that the magnekic field produced thereby 
bas such direction and a polarity so correlated 
to the polarity of the permanent magnet mem- 
ber ! 2 as fo exert thereon a torque tending fo im- 
part thereto a motion in the forward direction, 
indicated by the arrow 8. Thus, assuming that 
the permanent magnet member bas the polarity 
indicated by the rail-line symbols N, S applied 
to ifs pole regions, the field produced by the out- 
rent through the windings should bave a polar- 
ity indicated by the dash-line symbols N, S. 
The timing device of the invention may be 
readily designed for highly efficient operation, so 
that if requires only an extremely small amount 
of electric operating power. Thus, a practical 
timing device of the invention, when operated 
only from a single direct-current dry cell of 1.5 
volts, such as used in flashlights, the average 
direct current drain from such cell is only 
proximately one milli-ampere, and such cell is 
able to supply this small amount of electric driv- 
ing energy throughout the full length of ifs shelf 
lire. When the timing device of the invention is 
operated with energy from the alternating- 
curent power system as well as a dry cell, it will 
operate in the manner indicated along the tim- 
ing axis T-4 of Fig. 2, with an average alternat- 
ing current drain of about one milli-ampere 
when about 2 volts of a 60-cycle alternating cur- 
rent source are applied fo the energizing circuit 
across the terminals of the voltage-dividing re- 
sistor 77, while the dry cell 72 of about 1½ volts 
is connected in the energizing circuit. 
As pointed out above, when the energizing cir- 
cuit operates to connect a timing device of the 
invention both fo the e]ectric alternating current 
power system and fo the D. C. source, if is de- 
sirable that the resonant frequency of its me- 
chanical oscillating system should be slightlF 
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less than its synchronous ïrequency at which it 
will oscillate when if is energized by the recti- 
fied carrent impulses supplied thereto ïrom the 
imed alternating carrent power system, in the 
5 manner indicated along the rime axis T-4 of Fig. 
2. A practical timing device of the invention in 
effectively stabilized fo oscillate in synchronism 
with the ïrequency of the alternating power sys- 
tem if the resonant frequency of its oscillating 
l0 unit is such that when energized from a D. C. 
source only, if will lose only a few seconds in a 
24-bout period. 
As indicated in Fig. 1, the hair spring [3 of 
the mechanical oscillating system described is 
15 provided with a ïork element 85 carried by a set- 
ring arm 86 mounted co-axially with the shaït 
of the oscillating member for pivotally adjusting 
the angular position of its fork element 85. The 
adjusting member 88 with its fork element 85 is 
20 generally similar to the fast-slow adjustment 
member used in conventional balance wheel 
clocks. However, in the timing mechanism of 
the type shown, the two fork arms of the fork 
element 8 are arranged so that they are more 
25 widely separated than those used in conventional 
balance wheel clocks, the spacing being such that 
when the oscillating member 7 oscillates with a 
relatively small amplitude, the coil turn of the 
hair spring passing between the fork arms will 
30 barely touch or corne into engagement with the 
facing sides of the fork arms when the e!ement 
oscillates and fo assure that when the oscillating 
member 3 oscillates with a greater amplitude, 
the coil turn of the hair spring will alternately 
35 establish engagement with the two facing arms of 
the fork element 8 during a longer portion of 
each oscillafiing period. 
In timing mechanisms of the invention de- 
signed fo be simultaneously energized from an 
40 A. C. and D. C. source, the spacing of the ïork 
arms 8 and their location and adjustment rela- 
tively to the hair spring  are so designed and 
chosen that when the timing mechanism is ener- 
gized only by the D. C. source, it will operate at 
5 a speed slightly less than the synchronous speed 
" correspmuding to the alternating carrent supply 
line in order fo assure that the energizing ira- 
pulses received from the A. C. source shall in- 
crease the amplitude of the oscillations and bring 
50 the oscillating mechanism into synchronism with 
the A. C. supply line in the manner explained in 
connection with the rime axis T-4 of Fig. 2. 
By increasing the rime during which the hair 
spring f3 maintains engagement with the arms 
55 of for'k 8 during each oscillation period when 
oscillating with a larger amplitude, the hair 
spring |$ wfll operate effectively with a greater 
stiffness, thereby raising the resonant frequency 
of the oscillating system which if forms with the 
ô0 mass of the oscillating member $$, so that it 
corresponds fo the frequency of the alternating 
cç.rrent system. 
Alternatively, the fork element 85 may be 
modified so that if performs only the ïunctions 
,% of a conventional fast-slow adjustment, in the 
manner indicated in Fig. 1-A in which the adjust- 
ing fork element 85--! bas two close prongs 
gaging the hair spring. In ortier fo introduce the 
additional stiffness into the oscillating system 
70 when its oscillating member swings with greater 
amplitude, there is provided an additional spring 
element shown in the form of spring element 
|$-- similar to the hair spring and affixed to the 
oscillating shaft f, the spring -- having a 
75 poçtion --2 which may be formed by its free 
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end arranged so that whenever the oscillating 
member with ifs shaft I I oscillates with a larger 
amplitude, the spring portion 13--2 cornes into 
engagement with portions of two abutment 
members --, so as fo increase the stiffness of 
the compliant elements of the oscillating system. 
Alternatively, the two spaced abutment mem- 
bers, such as --, may be carried by the follet 
table 3 or another part of tl]e oscillating struc- 
ture and arranged fo corne into engagement with 
the arm 3--2 of a spring, such as spring 
the other end of which is suitably held on an 
adjustable support of the frame structure, ïoï 
similar]y increasing the resonant frequency of 
the oscillating system. 
As indicated in Fig. I, an arm  pivotally 
mounted at 8 on a fixed support and adjustable, 
as by a knurled head screw I9, may be arranged 
so that whenever the oscillating member with ifs 
shaf  oscillates with a ]arger amplitude, tIoEe 20 
hair spring  cornes into engagement with a 
projecting abutment of the arm , so as to 
crease the stiffness of the compliant lements of 
the oscillating system and thereby increase the 
resonant frequency of the oscillating iystem in 
the manner explained above. 
In Fig. 1-B is shown another way for operat- 
ing a timing mechanism of the type described in 
connection with Fig. 1 with energy supplied from 
a D. C. source as well as an A. C. source, A tim- 3o 
ing mechanism @ of the type described in con- 
nection with Fig. 1, is shown connected tobe 
supplied by energy from a D, C. source shown in 
the form of a battery   and a 60-cycle alternat- 
ing current supply source indicated by supply 35 
terminals . Two series resistor elements $, 
 are connected between the A. C. supply termi- 
nals  and the resistor element  is connected 
across the instrument terminal l in series with 
the D. C. supply cell  so as to impress on the 4o 
instrument circuit the voltage of the D. C. and a 
superimposed component of the A. C. source. 
With such circuit arrangement, the D. C. cell 
 will be subjected to a larger current drain 
than with the arrangement of Fig. 1. A timing 
mechanism of the type described in Fig. 1 will 
synchrordze with the alternating current supply 
system if the A. C. voltage developed across the 
resistor  is even less than the voltage of a D. C. 
source. 
In accordance with another phase of the in- 
vention, timing mechanisms operating with an 
oscillatory balance system of the type described 
above and designed to be energized simuitane- 
ously from an A. C. source and a B. C. source, . 
are arranged so that, when operated from a D. C. 
source only, their mechanical oscillating systems 
will operate with a resonant frequency which 
secures a timing action that is substantially in 
synchronism with the frequency of the alternat- ,'.;0 
ing power supply, and that when the timing 
mechanism is connected both to the D. C. supply 
and to the A. C. supply, one of the parameters of 
the mechanical oscillating sYstem of the timing 
device is modified so as to cause it to have a reso- ; 
nant frequency slightly smaller than the reso- 
nant frequency of the A. C. supply in order to 
assure that the A. C, energy impulses effect stable 
synctu'onization of the timing mechanism in the 
manner described in connection with the timing 
axis T-4 of Fig. 2. 
In Fig. 1-C is shown another arrangement for 
operating a timing mechanism of the type de- 
scribed in connection with Fig. 1 with energy 
supp]ied from a D. C. source, as well as an A. C, 75 
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source. A timing device I I, similar fo that of 
Fig. i, has an actuating winding 16 and energiz- 
ing contacts I,  for energizing the windin-E; 
whenever the contacts I,  are momentarily 
closed by the operation of tlle osci]lating 
ber I. Energy from an altcrnating power 
source connected t power supply terminals , 
supplied to the timing device through a steppd- 
clown transformer --I. The secondary wind- 
ing of the transformer --I is connected in 
ries with a dry cell battery  o the supp!y tel'- 
minals I of the timing device, Furthermo.'e, 
a rectifier element 8 is connected in the circuit, 
between the secondary winding of the 
formel- and the battery  so as to prevent 
battery ïrom discharging through the second.ry 
winding. 
A timing device of the invention provided 
an energizing circuit of the type described in 
connection with Fig, I-C is of advantage whn-. 
ever it is desired fo operate he timing devic :vith 
substantial power in order fo impart to th tim- 
ing mechanism trong mechanical timin2 
pulses. In the arranemen shown in Fig. i-C, 
the rectifier 8 is utilized only fo prevent the D. C. 
source or cell  from discharging through a 
cuit connected through the secondary winding 
of the transformer along a path paral]el fo the 
energizing circuit of the timing device. 
In general, timing devices of the invention, of 
the type described in connection with Fis. 1 and 
2, will operate with extreme]y small Fower 
quirements. Thus, when the device is operated 
only from the D. C. cell, the D. C. current drain 
from a 1½ volt cell is only approximately i nfil- 
liampere. When such timing device is arranged 
to be supplied both from a conventional 60-cycle 
alternating current line of 110 volts and a dry 
cell of 1½ volts, in the manner indicated in Fig. 
1, it will operate in the manner indicated along 
the timing axis T-4 of Fig. 2, with an A. C. cur- 
rent drain of approximately 1 milliampere when 
the A. C. voltage of about 2 volts is applied acro 
the terminals . 
The timing device of the invention may be 
erated also so as to provide more powerful timin 
force by energizing it through a circuit arrange- 
ment described in connection with Fig. l-C. 
This is ruade possible because the circuit through 
which the energizing impulses derived from the 
alternating current supply are delivered to th 
actuating winding  of the timing device, dces 
not include as a series impedance element ",, 
which represents a substantial impedance, 
The timing device of the invention is veïy ef- 
fective in inducing in the energizin windings a 
counter-electromotive force which reduces the 
energizing current to negligible value or substan- 
tially zero at the moment the energizing contacts 
open. Accordingly, the timing device of the in- 
vention will operate efliciently without contact 
sparking and contact wear for a much longer pe- 
riod than prior art devices utilizing periodically 
operated energizing contacts for supplying oper- 
ating energy to the timing device. 
In the timing device of the invention, the con- 
tact member 2 is carried on a leaf spring which 
may be rnounted on a fixed support adjustable to 
secure proper timing of the moment when the 
energizing contacts open and close, as a resu!t 
of the pivotal movement imparted to the cc- 
operating rigid contact member Il by the oper- 
ation of the ratchet wheel . 
Fig, 3 shows one form of such timing device 
arrangement exemplifying the invention. A tire- 
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Acc0rdi_.ng to another phase Of the invention, 
a plurality Of mechanical, electrical!y-energized 
oscfl!ato'y t_iming .systems of the general type 
described in connection with Fig. 1 are combined 
to operate in sequence for imparting a timing 
action to a common .timing member so. that the 
driving forces imparted to the commoloE timing 
member are multiplied and more continuous, the 
resulting effect being similar to that obtained 
with a multi-pole, s!0w-speed alternating-cur- 
rent synchronous m0tor. 
Fig. 4 illustrates diagrammatically one form of 
such timing arrangenent of the invention. A 
common timing member, represented by a 
volvably mounted timing shaft 36-- correspond- 
ing fo the ratchet shaft 36 of Fig. 1, carries ratch- 
et elCmen shown in the form of two ratchet 
wheels 35--.--I and 35--2, açranged for coopera- 
tion with the osc.illating member and contactor 
member of each of a plurality of mechanical 
cillating systems or units 39, such as described 
in connection with the timing mechanism shown 
in Fig. 1. 
For the sake of simplicity, each of the oscillat- 
ing mechanisms 30 of the device o Fig. 4 is indi- 
cated by .an actuating winding 16 which impars 
oscillations to an oscillating member having an 
oscillating roller table 33 afiïxed to its shaft  
nd carrying the spring-biased, pivotally mount- 
ed pawl 31. The pawl 31 carries a pawl pin 
arranged so that during the forwrd oscfllating 
motion ofthe roller table 33 and magnetic oscil- 
lating member |2, in the direction indicated by 
the arrow 19, the paw] projection 34 wi!l enae 
one of the teeth of the ratchet wheel 3--t and 
advance it by one-third of the pitch or spacin 
between the teeth of the ratchet wheel 
The actuating winding 16 of each oscillating 
unit 30 ]S arranged to be energized by the opeïa 
tion of its contacts 21, 22 each time the ratchet 
wheel 35-- is advanced by the forward oscilla- 
tion of ifs oscfllating member 12. Although the 
contacts 21, 22 maY be arranged to be closed 
during the short energizing interval of the for- 
ward oscillation by the teeth of the ratchet wheel 
5--, they are shown operated by a separate 
ratchet wheel 35--2 having the saine number 
of teeth as the ratchet wheel 35--, both afiïxed 
to a common revolvably mounted shaft 
corresponding to the ratchet shaft 3 of Fig. 1. 
Each contact operating tooth of the ratchet 
wheel 35--2 corresponds to a ratchet tooth of the 
ratchet wheel 35--1 and is arranged to close for 
a short interval the contacts 2i, 22 of the cor- 
responding oscfllating unit during a fraction of 
the hall-cycle period of the forward oscillating 
motion of its oscillating member 2, as explained 
in connection with Figs. 1 and 2. 
OEhe several mechani.cl oci!lating uni.t 0 
associated with the common timing member, 
shown formed by the shaft 36-- with its two 
ratchet wheels 35--1 and 39--2, are so positioned 
relatively to the teeth of the ratchet members 
35--1, 35--2 that they operate in succession fo 
successively advance the timing member by one- 
third of the angular pitch or spacing of the suc- 
cessive ratchet teeth of te two ratchet whee]s 
35--, 35--2. In other words, the three mechani- 
cal oscillating units 30 are so arranged as to re- 
quire one cycle of operation of each of the three 
oscfllating units in order to advance the timing 
member formed by the atchet wheels 35--! and 
35--2 by one complet tooth. 
Depending on the number of mechanical oscil- 
lating units, such as .30, utflized for imparting 
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the successive advancing impulses to the com- 
mon timing member, the timed advancing ira- 
pu]se supplied by several mechanical oscillating 
units bave t0 be phase-displaced relatively to 
5 each other by the corresponding fraction of one 
full oscillation cycle of the oscillating unit 
being understood that the several oscillating 
units of the device are desi.gned fo operate with 
subsantial]y the saine resonance frequency or 
10 natural period. In other words, a timing de- 
vice provided with the three oscillatin2" units 30, 
such as described in connection with Fig. 4, will 
operate in such manner that the ratchet wheels 
of shaft 36 will first be advanced by one oscillat- 
15 ing unit 9 by one-thid of the tooth spacing; 
thereuP0n the second oscillating unit 39 will ad- 
varice it another one-third of the tooth spacing 
aftr the pçoper rime phase interval, whereupon 
the third oscflat!ng unit 30, after a further 
20 proper rime phase interval, wfll advance the tim- 
ing membe_r by another one-third of the tooth 
spacing, a simfiar sequence of three advancing 
steps being çePeated within the period of one full 
oscillating cycl_e of such oscfllating unit 
25 The toothed periphery of the ratchet wheel 
3--2 which is utilized to operate the contact ele- 
ments , 2 of the several oscillating units, is so 
st]aped as to provide a dotent notch 2 --3, as 
indicated in the detail view Fig. 4-A, on the por- 
30 tion of each tooth slot adjoining the side of each 
tooth which releases the contacts 2, 22 from 
the closed to the open position, after having been 
first closed during the short energizing interval 
of the oscillating unit . This dotent notch 
35 arrangement will cause the pin projection 4 of 
the contact arm 2  to drop into the dotent notch 
2 I--3, as indicated in Fig. 4-A, thereby detain- 
ing the timing member of the ratchet wheels 
3--I, 35--2 in the position fo which if was just 
40 advanced. In other words, the operating pin 
42 of the contact arm of each oscillating unit 
acts hot only as a tooth follower in operating ifs 
contact mechanism, but also as a detent for re- 
taining the timing member in the position fo 
4 which if was advanced by the particular oscillat- 
ing unit and holding if therein until the next 
oscillating unit cornes into action for imparting 
a similar advance operation with another set of 
teeth of the two ratchet wheels 35-- and 35--2 
5o of the timing member. 
Electric timing devices of the type described 
above in connection with Fig. 4 may be provided 
with a larger number of mechanical oscillating 
units 39 for imparting to its timed shaft mem- 
55 ber 36-- the desired timing action. Assuming 
that F is the îrequency of the alternating-cur- 
rent power sYstem and  is the resonant fre- 
quency of the mechanical oscillating unit, such 
as the oscillating unit 9, a timing device of the 
60 type shown in Fig. 4 may be operaed with any 
number of oscillating units 30 as long as theh- 
number is an integral factor of F//. Thus, the 
timing device shown in Fig. 4, designed for op- 
eration on a 60-cycle alternating-current power 
65 system, with mechanical oscillating units 30 hav- 
ing a resonant frequency of 4 cycles per second, 
may be desi.gned for operation with more than 
three oscillating units 30, as long as their hum- 
ber is an integral factor of 60/4=15, such as 3, 
70 5, or 15. By increasing the number of osci!lat- 
ing units used in such a device, the driving forces 
imparted to the common timed member shaft 
3--| are correspondingly multiplied and ren 
dered more nearly continuous. 
75 There are many applications requirin a tire- 
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ing device I similar te that of Fig. 1 has an 
actuating winding I and energizing contacts 
2, 22 foï controlling the energization of the 
winding frein an energizing circuit similar te 
that described in connection with Fig. 1, inc!ud- 
ing a dl cell 72, resistor elements 73, 76, 77, and 
a rectifier 78 arranged se as te supply proper 
components of the D. C. voltage and the A. C. 
voltage te the actuating winding 2 whenever 
the contacts 2, 22 are closed. 
The timing mechaism also includes the oscil- 
]ating member having an oscillating shaft  te 
which is connected one end of a hair spring 3 
proportioned se that it may be adjusted te ferre 
with the mass of the elements of the oscfllating 
system an oscillating system having a resonant 
frequency at which the timing device operates 
in synchronism with the corresponding frequency 
of the A. C. supply source. With the mechanical 
oscillating system se adjusted, the timing mecha- 
nism will provide a timing action which is sub- 
stantially in synchronism with the A. C. supply 
source even if itis only energized frein the D. C. 
source, and thus keep the desired correct rime. 
Control means are also provided te assure that 
.whenever the timing device, while operating 
with D. C. only, has its circuit cormected te the 
A. C. supp!y line, the control means modify the 
resonant frequency of the mechanical oscfllating 
system se that ifs frequency is slightly below 
synchronism in order te assure that the action 
of the A. C. current impulses supplied te the 
actuating windings effect stable synchronization 
of the timing device in the manner described in 
connection with the timing axis T-4 of Fig. 2. 
In Fig. 3, the control means are shown formed 
of a bimetallic member 9 held suitably anchored 
at 92 and carrying at its free end an abutment 
member 93 arranged se that when the bimeta!- 
lic membeï 9 is in normal non-heated condi- 
tion, the abutment projection of the abutment 
member 93 engages the hair spring 3 in which 
condition the hair spring 3 is adjusted te have 
the required normal stiffness for assuring that 
it ferres with the oscillating masses an oscilla- 
tory system having a resonant frequency ai 
which the timing device operates substantially 
in synchronism with the A. C. supply source. 
The bimetal]ic element 9 is suitably combined 
with a resistor element 94 connected in circuit 
with the A. C. supply connections te the timing 
device as indicated, se that whenever A. C. energy 
is supplied te the energizing circuit of the timing 
device, the resistance element 94 will be ener- 
gized, thereby raising its temperature as well as 
the temperature of the bimetallic element with 
which it is associated. The bimetallic element 
9 with the resistor heating element 4 con- 
nccted thercto are se designed that when the 
resistor element is energized by A. C. through the 
circuit fïolï_ the supply terminal 75, the heated 
bimetallic element 95 will undergo a deforma- 
tion causing it te remove the abutment member 
3 frein engagement with the hair spring , 
thereby decreasing its stiffness and thus caus- 
ing the resonant îrequency of the mechanical 
oscillating system of the timing device te be 
slightly reduced below the frequency correspond- 
ing te the A. C supply line for assuring stable 
synchronization of the timin device in the 
manner explained above. 
Since a bimetal!ic element 9 interconnected 
with a heating resistor 4 for securing a mechan- 
ical control action in response te the change in 
the temperature of the bimetallic element are 
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well known in the art, a speciflc description of 
the constructional features of the bimetallic ele- 
ment 9 and of the resistance element 94 need 
net be given here. As is well known, such 
5 thermally responsive control devices require com- 
pensation for changes in the ambient retapera- 
turc under which they operate and the control 
device of Fig. 3 is shown provided with such 
compensation means. Te this end, another bi- 
10 metallic element -- similar te the bimetallic 
element  is shown cormected te ifs ends by 
spacer elements and they are arranged se that 
when both bimetallic elements ,  -- are sub 
jected te equal changes in the temperature, the 
15 abutment member  wfll net be moved frein its 
desired position. 
in Fig. 3-A is shown a timing device of the in- 
vention designed for simultaneous energization 
by A. C. and D. C. and provided with another 
20 ferre of control arrangement for assuring that 
when the A. C. source is disconnected, its me- 
chanical oscillating system will maintain the 
oscfllating system of the timing device substan- 
tially in synchronism with the corresponding 
25 frequency of the A. C. supply and assure that 
when the timing device is connected both te the 
D. C. and A. C. energy source, the mechanicaI 
oscillating system of the timing device will be 
slowed down te make it possible for the A. C. 
30 impulses te exm a stable synchronizing action. 
The timing device 0 of Fig. 3-A is shown pro- 
vided with an oscillating member having an 
oscillating shaft  carrying the roller table $3 
with the pawl  , as in the arrangement of Fg. 1. 
5 The timing device is also shown provided with 
an actuating winding   arranged te be energized 
whenever the contacts 2, 22 are closed te 
momentarily complete an energizing ciïcuit. 
ïn the arrangement of Fig. 3-A, a dry cci1 72 
-le com]ected in series with a resistor 7 te the 
strument termina]s 70 provides the D. C. energy 
supply as in Fg. 1. The A. C. voltage comportent 
of the proper value is derived by connecting be- 
tween the terminal 7 and the A. C. supply termi- 
45 nals 75 a step-down transformer 77--1, the sec- 
ondary winding of which is connected in serie 
with a rectifier 78 te the instrument terminals 7 
se as te impress on the actuating windings 16 
rectified A. C. impulses of the saine polarity as 
50 the D. C. impulses supplied thereto by the D. C. 
ce!l 2. In order te provide the desired control 
action, the roller table which is of conducting 
material, such as copper, is arranged te more be- 
tween two legs of a magnetic cote member  
5 provided with an exciting coil 7 connected in 
series with the A. C. supply leads te the trans- 
former 77--1 se that whenever alternating energy 
is supplied te the transformer the exciting coiI 
of the core 6 will be energized. 
60 As a result, the legs of the core $ will produce 
in the air gap between its legs within which the 
electrical conducting roller table oscillates an al- 
ternating magnetic field which will exert a damp- 
ing action tending te reduce the amplitude of 
6 the oscillations of the mechanical oscfllating sys- 
rem whenever the instrument is supplied with al- 
ternating current energy. This damping action 
exerted en the oscillating system will subject it 
te a slowing down acticn and will make it possi- 
70 b!e for the alternating current impulses supplied 
te the actuating winding te exert the desired sta- 
bilizing action required te maintain the timing de- 
vice in synchronism with the D. C. supply fre- 
quency in the manner described in connection 
7 with the axis T-4 of Fig. 2. 
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ing device capable of delivering a substantial 
power st a timed rate. Among such applications 
are large clocks such as tower clocks, and appli- 
cations such as recording instruments utilizing 
a paper roll advanced ata timed rate for record- 5 
ing thereon a varying quantity, for insta.nce, the 
varying voltage or power output of an electric 
power system. 
In accordance with one phase of the invention, 
a timing device which delivers  substantial 10 
power ata timed rate to a shaft, for instance, of 
a recording device, is arranged tobe driven by 
a power source--such as an electric motor con- 
nected to an electric power supply system, or by 
power from an energy-storing device such as a 15 
spirally wound, energy-storing spring means-- 
the power source being connected to a timed 
member of the timing device through a motion 
transmission mechanism for applying to the 
timed member driving forces of substantial power 20 
tending to rotate the timed member, and in com- 
bination therewith a timing unit, including an 
electrically actuated, mechanical oscillating unit 
for controlling the rate at which said trans- 
mission mechanism applies driving power to the 25 
timed member, the oscillating unit being con- 
nected fo the transmission mechanism through 
preventive means such as a worm-gear connec- 
tion arranged so as to prevent the transmission 
mechanism from applying driving forces to the 30 
oscfllating unit. 
Fig. 4-A shows diagrammatically one form of 
such timing device arrangement exemplifying 
the invention. 
A device which is to be driven af a timed rate 5 
and requiring substantial driving power is indi- 
cated in Fig. 4-A by a shaft 2--||. The shaft 
2--|| may represent, for instance, a timed shaft 
member of a transmission mechanism thïough 
which driving power is supplied fo a paper roll 40 
of a recording mechanism used for recording the 
voltage variations of an electric power supply 
system, such recording devices being well known 
and requiring no further description. Driving 
power for rotating the timed shaft member 2--  45 
is delivered by an energy-storing means indicated 
in the form of a spiral spring 2--2 held enclosed 
in a spring housing 2--|3. 
The spring housing 2--13 is provided with a 
driving gear 2--|4 meshing with a gear pinion 50 
2--|5 affixed fo the timed shaft 2--| so as to 
apply fo the timed shaft 2--|| driving forces 
tending fo rotate the shaft and the timing de- 
vice connected thereto. The outer end of the 
spiral drive spring 2--2 bas ifs end connected to 55 
the periphery of the spring housing 2--|3 by 
conventional means, such as a pin 2--|6. The 
inner end of the spring is connected to a hub 
2--| revolvably held within the housing and 
serving fo wind the spring for storing driving 6O 
energy therein. The hub 2--| is affixed fo a 
shaft 2--2| to which is secured a ratchet 2--22 
cooperating with a conventional pawl 2--23 piv- 
otally held on a wall of the spring housing so as 
fo permit winding of the spring by insering a 65 
key into a keyhole 2--24 of the winding shaft 
2--2, the pawl and ratohet elements operating 
in a conventional way to retain the spring in the 
wound condition. 
Provision is also ruade fo assure that the driv- 7O 
ing spring is af all rimes maintained in wound 
condition. As indicated in Fig. 4-A, an electric 
motor 2--26 of the conventional type is arranged 
fo drive a rotatably mounted rotor 2--26 which 
is connected through a shaft aIlç w}rm 2--2 ço ,7 
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a worm-gear 2--28 shown aflïxed to the winding 
shaft 2--2| Of the driving spring. The electric 
motor 2--26 and its worm-gear connection to 
the spring winding shaft 2--2| are so arranged 
that the motor rotor 2--25 tends at all rimes to 
rotate the winding shaft 2--2| in the direction 
required in order to keep the spring wound. 
The electric motor 2--25 may be of a conven- 
tional type. It comprises a rotor 2--2 formed, 
for instance, of a circular disk member of con- 
ducting material arranged to rotate so that a 
portion of ifs periphery passes through a gap 
separating the pole ends 2--2 of a laminated 
magnetic cote 
energizing winding 2--29 which is energized with 
alternating current through ifs connection to 
the power supply terminals 
has the usual shaded poles 2--2 for producing 
in the gap phase-displaced alternating field re- 
gions which impart to the conducting rotor disk 
2--26 the required rotary motion. 
In order to assure that the power drive means, 
such as the spring drive mechanism 2--  or the 
electric motor --2, or both, drives the timed 
shaft member 2-- | of the timing device at the 
required timed rate, an element of the transmis- 
sion mechanism--in the present case, the drive 
pinion 2--|6 of the shaftis connected through 
a gear train, generally designated 2--3, fo an 
electrically actuated timing device, such as the 
electrically actuated timing and oscillating unit 
3 of the type described in connection with Fig. 
1. In Fig. 4-A, the gear train connection 2--30, 
betveen the timing oscillating unit 30 and the 
timed drive shaft 
affixed fo the ratchet shaft 3 of the timing oscil- 
lating unit 3, the worm 2--3| engaging a worm 
gear 2--32 which, in turn, is connected through 
a pinion 2--33 and a gear 2--3 engaged thereby, 
the gear 2--34 being affixed to the drive shaft 
2--1 | of the power-driven timed device fo which 
gear --3 is secured. The worm gear elements 
interposed between the timing unit 30 and the 
power drive elemen 2--|| of the timing device 
forma one-way drive connection arranged so as 
to assure that the drive shaft 2--|1 drives the 
timed device connected thereto at the requiied 
timed rate, while preventing the power transmis- 
sion mechanism, including the shaft 2--1 I, from 
transmitting fo the timing device 30 any foîce 
tending fo disturb or affect its timing action. n 
other words, by prviding between the sçaall- 
power timing device 30 and the large-power 
transmission mechanism which drives the timed 
shaft 2--1 [, preventive means in the form of 
one-way worm-gear drive connection, the small- 
power timing device 3 is able fo control the rate 
af which the large-power drive mechanism sup- 
plies the driving powm- af a timed rate to the 
timing device of shaft 2--1 I, while preventing the 
power transmission mechanism from aPplying 
driving forces fo the small-power timing device. 
The worm 2--3| and the associated worm gear 
2--32 are designed fo operate with a relatively 
steep worm pitch, the pitch being just below the 
pitch af which the worm gear 2--32 would be able 
to impart fo the worm 2--3| forces tending to 
rotate the worm and the shaft 35 of the timing 
device connected thereto. With this arrange- 
men, the shaft 3 of the timing device has fo 
apply only small control forces to the worm gear 
connection 2--3| and 2--32 for exerting the 
rime control action on the power transmission 
mechanism of the timini device, while af the 
ame rime assuring that the power tran,mission 
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mechanism is unable to disturb the operation of 
the timing device. 
The mechanical and the electrical actuating 
elements of timing devices of the invention of 
the type shown diagrammatically in Fig. 1, and 
in the other figures, may be readfly assembled 
and mounted in their 0perative position between 
parallel mounting or plate-like frame members 
in accordance with the standard practice used 
in the construction of spring-driven timing de- 
vices, such as pocket watches or larger size 
clocks. 
The ïeatures and principles underlying the in- 
vention described above in connection with spe- 
cific exemplifications, will suggest to those skilled 
in the art many other modifications thereof. It 
is accordingly desired that the appended claires 
be construed broadly and that they shaH not be 
limited to the specific detafls shown and de- 
scribed in connection with e:4emplïfications 
thereoï. 
I claire: 
1. In a tming device having an electrically ac- 
tuated timing mechanism adapted to operate 
with energy from an alternating ctuïent power 
system of timed power frequency and also from 
OE source of direct current: a substantially bal- 
al]ced mass structure mounted for oscillatory 
motion about a central balance axis in opposite 
directions from a raid-position; spring means 
forming with said mass structure an oscillating 
balance unit having a predetérmined natural pe- 
riod timing frequency Which is a submultiple 
of said power frequency; said balancing unit in- 
cluding a symmetrical permanent magnet mem- 
ler having af least one pair of peripheral poles 
for producing a magnetic field of a predeter- 
mined field axis in external field regions along 
said poles; actuating windings extending 
through said field regions and an energizing cil- 
cuit including two terminal leads through which 
said windings are connected to said alternating 
current power system, and said energizing cir- 
cuit also including a direct-current source and 
OE switch unit sm'ially connected between said 
two terminal leads and said windings; said 
switch unit including a flexible spring contact 
member and actuating means actuated by the 
oscfilatory motion of said balance unit for caus- 
ing said contact member to complete said ener- 
gizing circuit durin2" a torque interval which is 
a fraction of a hall-cycle duration of said oscil- 
latory motion and thereby impart to said magnet 
member a driving torque impulse during a frac- 
tion of an interval in said one direction; the 
natural period frequency of said balance unit 
being slightly less than said stb-multiple fre- 
quency and additional impulse means including 
an addiional independent spring element and at 
least one additional impact element positioned 
to corne into impact engagement during a por- 
tion of at ]east one-half cycle oscillation of said 
balance unit when operating with energy from 
said power system ïor increasing the rate of said 
oscillations to said submultiple frequency. 
2. In a timing device having an electrically 
actuated timing mechanism adapted to operate 
with energy from an alternating current power 
system of timed power frequency and also from 
a source of direct current: a substantially bal- 
anced mass structure mounted for oscillatory 
motion about a central balance axis in opposite 
oscillatory directions from a raid-position; spring 
means forming with the said mass structure an 
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oscfllating balance unit having a predetermined 
natural timing frequency which is substantially 
a submultiple frequency of said power fre- 
quency; said balancing unit including a sym- 
5 metrical permanent magnet member having at 
least one pair of peripheral poles for producing 
a magnetic field of a predetermined field axis in 
external field regions along said poles; actu- 
ating windings extending through said fietd te- 
l0 gions and an inergizing circuit including two 
terminal leads through which said windings are 
connected to said aiternating current power sys- 
tem, and said energizing circuit also inctuding 
a direct current source and a switch unit se- 
l5 rially connected between said two terminal leads 
and said windings; said switch unit including a 
flexible spring contact member and actuating 
means actuated by the oscillatory motion of said 
balance unit for causing said contact member 
20 to complete said energizing circuit during a 
torque interval which is a fraction of a half 
cycle duration of said oscillatory motion and 
thereby impart to said magnet member a drii- 
ing torque impulse during a fraction of an inter- 
ri5 val of said oscillatory directions; said energizing 
circuit being ïree from any rectifier means and 
being also ïree from power voltage transformer 
means, and free fron switch means other than 
said switch unit, and said direct current source 
3O being at all times serially connected with said 
terminal leads; the natural period îrequency of 
said balance unit being slightly less than said 
sub-multiple frequency; and additional impulse 
means including an additional independent 
.5 spïing element and ai least one additional im- 
pact e!ement positioned fo corne into impact en- 
gagement during a portion of at least one half 
cycle oscillation of said balance unit when oper- 
ating with energy from said power system for 
40 increasing the rate of said oscil]ations to said 
submultiple frequenCy. 
3. In a timing device having an electrically ac- 
tuated timing mechanism adapted to operate with 
energy from an alternating current power system 
45 of timed power frequency and also from a Source 
of direct current: a substantially balanced mass 
structure mounted for oscillatmT motion about 
a central balance axis in opPosite oscillatory di- 
rections for a raid-position; spring means form- 
5o ing with said mass structure an oscillating bal- 
ance unit having a predetermined natural pe- 
riod timing friquenC which is substantialty a 
submultiple frequency of said power frequency; 
said balEncing unit including a symmétrical 
55 permanent magnet member having at least one 
pair of peripheral looles for producing a mag- 
netic 'field of a predetérmined field axis in exter- 
nal field regions along said poles; actuating 
windings extending through said field regions 
6o and an energizing circuit including two terminal 
leads through which said /indings are con- 
nected to said alternating current power system, 
and said energizing ci'cuit also including a di- 
rect current source and a switch unit serially 
65 connected between said two terminal leads and 
said windings; said switch unit including a flex- 
ible siring contact member and ictuating means 
actuated by the oscillatory motion of said bal- 
ance unit for causing said contact mémber to 
7O complete said energizing circuit during a torque 
interval which is a fraction of a hall-cycle dura- 
tion of said oscfllatory motion and thereby im- 
part to said magnet membe a driving torque 
impulse during a fraction of an interval in one 
75 of said oscillatory directions; said energizing cir- 
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cuit being ïree ïrom any rectifier means and be- 
ing also ïree from power voltage transformer 
means, and free from switch means other than 
,aid switch unit, and said direct current source 
being ai all rimes serially connected with said 
terminal leads; a revolvably mounted timed 
member having a peripheral actuating region; 
and a push member pivotally carried by said 
balance unit ai a pivot axis relatively distant 
frein said balance axis, and having a push end 
relatively near said pivot axis arranged fo mo- 
mentarfly engages a portion of the peripheral 
actuating region of said thïed mernber for ad- 
vancing if by a short stop during an advancing 
interval which is of the order of duration of said 
torque interval, said switch unit being closed 
and opened each rime aid timed member i ad- 
vanced one steD. 
4. In a timing device as claimed in claire 1, 
a revolvably mounted timed member having a 
peripheral actuating region; and a push ruera- 
ber pivotally carried by said balance unit ata 
pivot axis relatively distant from said balance 
axis and having a push end relatively near said 
pivot axis arranged to momentarily engage a por- 
tion of the peripheral actuating region of said 
timed member for advancing it by a short step 
during an advancing interval which is of the 
order of duration of said torque interval, said 
switch uniç being closed and opened each rime 
said timed member is advanced one step. 
5. In a timing device as claimed in claire 
a revolvably mounted timed member having a 
peripheral actuating region; and a push member 
pivotally carried by said balance unit ata pivot 
axis relatively distant from said balance axis, 
and having a push end relatively near said pivot 
axis arranged to momentarily engage a portion 
of the peripheral actuating region of said timed 
member for advancing it by a short step during 
an advancing interval which is of the order of 
duration of said torque interval, said switch unit 
being closed and opened each rime said timed 
member is advanced one stop. 
6. In a timing device as claimed in claire 1, 
said windings, said balance unit, said switch unit 
aud the other elements associated with said ba!- 
ancing unit being so designed and correlated in 
their operation to the frequency of the power sys- 
rem that at intervals substantially equal to the 
one-cycle oscillating period of the oscillatory unit 
the switch unit operates fo supply to the wind- 
ings a series of discontinuous hall waves of cur- 
rent from the power system. 
7 In a timing device as claimed in claire 
said windings, said balance unit, said switch unit 
and the other elements associated with sald bal- 
ancing unit being so designed and correlated in 
their operation to the frequency of the power 
system that at intervals substantially equal to 
the one-cycle oscifiating period of the oscilla- 
tory unit the switch unit operates fo supply to 
the windings a series of discontinuous hall waves 
of current from the power system. 
8. In a timing device as claimed in claire 1, 
said balance unit, said switch unit and the other 
elements associated with said balancing anit 
ing so designed and correlated in their oper- 
ation to the frequency of the power system that 
at intervals substantially equal to the one-cycle 
oscillating period of the balance unit the switch 
unit operates to supply to the windings a 
ries of discontinuous hall waves of current from 
the power system; said energizing circuit being 
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so arranged and designed that when the power 
system is connected thereto the. windings re- 
ceive the major part o electric actuating energy 
ïrom the power system and that when the energy 
5 from the power system is not available the di- 
rect current source wfll supply the windings with 
electric energy required to maintain the timed 
oscfllatory motion of the balance unit. 
9. In a timing device as claimed in claire 2, 
lo said balance unit, said switch unit and the other 
elements associated with said balance unit be- 
ing so designed and correlated in their opera- 
tion to the frequency of the power system that 
af intervals substantially equal to the one-cycle 
15 oscillating period of the balance unit the switch 
unit operates to supply to the windings a 
ries of discontinuous hall waves of current from 
the power system; said energizing circuit being 
so arranged and designed that when the power 
ri0 system is connected thereto the windings re- 
ceive the major part of electric actuating energy 
from the power system and that when the energy 
from the power system is hot available the direct 
current source will supply the windings with 
25 electric energy required fo maintain the timed 
oscillatory motion of the balance unit. 
10. In a timing device as claimed in claire 3, 
said windings, said balance unit, said switch 
unit and the other elements associated with said 
30 balancing unit being so designed and correlated 
in their operation fo the frequency of the power 
system that af intervals substantially equal fo 
the one-cycle oscillating period of the oscilla- 
tory unit the switch unit operates to supply to 
35 the windings a series of discontinuous half waves 
of current from the power system. 
11. In a tflning device as claimed in clairn 3, 
said balance unit, said switch unit and the other 
elements associated with said balance unit 
40 ing so designed and correlated in their opera- 
tion of the frequency of the .power system that af 
litervals substantially equal to the one-cycle 
oscillating period of the balance unit the switch 
unit operates to supply to the windings a series 
45 of discontinuous half waves of current from the 
power system; said energizing circuit being so 
arranged and designe that when the power 
system is connected thereto the windings receive 
the major part of electric actuating energy from 
50 the power system and that when the energy from 
the power system is hot available the direct cur- 
rent source will supply the windings with electric 
energy required to maintain the timed oscilla- 
tory motion of the balance unit. 
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